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FIGURE 2 Interrelationships of essential components that determine suc-
cessful bioremediation.

strata (pollutant), biodegrading organism, and environment, as de-
picted in Figure 2. Factors that reflect this interrelationship and that
can limit biodegradation are shown in parentheses in Figure 2.

If biodegradability and habitability have been established, the
most common limiting parameter is oxygen, since it has relatively
low solubility in water and is in high demand as an oxidant for all
biological respiration. Thus, schemes for injection of oxygen or hy-
drogen peroxide into soil or aquifers are common. Such treatments
overcome a rate limitation if the site is anaerobic. Alternative elec-
tron acceptors are possible, and nitrate is particularly attractive be-
cause of its high electron-accepting capacity in water, its leachability
in soils, its low toxicity, and its low cost. Research on denitrification-
driven bioremediation is in its infancy, however. The frequency of
this type of biodegrading population in soil is not known, but it
almost certainly is lower than for oxygen-respiring organisms.

Other treatments to meet physiological requirements include ad-
dition of nutrients, adjustment of pH, and removal of toxicants by
leaching, precipitation, or some form of inactivation. As stated above,
nutrient addition is common, probably because it is easy and cheap
and may occasionally provide some benefit, not because it has been a
well-documented requirement for many sites.

A second important limitation on biodegradation is the availabil-
ity of the chemical to the organisms, or bioavailability. Bioavailability
is limited when the pollutant is dissolved in organic matter or trapped
in micropores in the soil matrix. Substantial work is under way to
attempt to understand and enhance the bioavailability of water-in-
soluble chemicals. The ecological approach to this problem, how-
ever, would be to focus on ensuring that the local environment con-